The mean arterial blood P0 2 values of 20 patients' samples taken into Sarstedt 2 mL Monovette! syringes were found to be initially 0-43 kPa higher and after 15 min storage 0·93 kPa higher than the mean values using Corning 3 mL Blood Gas Kit™ syringes. The Sarstedt syringe allowed entry of small air bubbles and the plunger was noted to be stiff. We speculated that high injection pressures might increase measured P0 2 • Using each type of syringe, 20 ITU staff injected saline into a Corning 178 pHI blood analyser linked to a pressure transducer via a three-way connector. Mean injection pressures for Sarstedt and Corning syringes were 17·15 and 6-42 kPa, respectively (P < 0,005). Following injection at pressures between 2·8 and 26·6 kPa, the mean P0 2 of equilibrated saline containing an air bubble was 0·80 kPa higher than the mean value obtained at injection pressures of < 2·8 kPa. However, with no air bubble the mean P0 2 of equilibrated saline was still 0-45 kPa higher when injected at pressures between 2·8 and 26·6 kPa than the mean value obtained with injection pressures of 2·8 kPa. We suggest that for optimal P0 2 determinations syringes should not only allow minimal air contamination but also have plungers that reduce injection pressure 10 a minimum.
SUMMARY. The mean arterial blood P0 2 values of 20 patients' samples taken into Sarstedt 2 mL Monovette! syringes were found to be initially 0-43 kPa higher and after 15 min storage 0·93 kPa higher than the mean values using Corning 3 mL Blood Gas Kit™ syringes. The Sarstedt syringe allowed entry of small air bubbles and the plunger was noted to be stiff. We speculated that high injection pressures might increase measured P0 2 • Using each type of syringe, 20 ITU staff injected saline into a Corning 178 pHI blood analyser linked to a pressure transducer via a three-way connector. Mean injection pressures for Sarstedt and Corning syringes were 17·15 and 6-42 kPa, respectively (P < 0,005). Following injection at pressures between 2·8 and 26·6 kPa, the mean P0 2 of equilibrated saline containing an air bubble was 0·80 kPa higher than the mean value obtained at injection pressures of < 2·8 kPa. However, with no air bubble the mean P0 2 of equilibrated saline was still 0-45 kPa higher when injected at pressures between 2·8 and 26·6 kPa than the mean value obtained with injection pressures of 2·8 kPa. We suggest that for optimal P0 2 determinations syringes should not only allow minimal air contamination but also have plungers that reduce injection pressure 10 a minimum.
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We studied the Sarstedt 2 mL Monovette syringe, a new pre-heparinised syringe intended for blood gas determinations. Comparison was made with the Corning 3 mL Blood Gas Kit, our existing arterial blood gas sampling system. The Sarstedt syringe commonly allowed entry of small air bubbles which were difficult to remove, and the syringe plunger was stiff in operation. A pilot study indicated that the Sarstedt syringes gave higher P0 2 values. We speculated that the greater force required to overcome the stiffness of the plunger would produce high injection pressures, which in the presence of air bubbles could raise the P0 2 as predicted by Henry's Law.' Whilst the effect of air bubbles on blood gas analysis has been investigated.i" we are unaware of any study of the combined effect of injection pressure and air bubbles on measured P0 2 •
METHODS
Our initial study was of 2 mL arterial blood samples taken into both Sarstedt 2 mL Correspondence: Dr P Gosling.
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Monovette and Corning 3 mL Blood Gas Kit syringes. Blood was drawn on 20 occasions from the arterial lines of adult patients who required blood gas analysis as part of their management. Approval of the hospital ethical committee was obtained for the study. Every reasonable effort was made to remove air bubbles immediately after sampling by tapping the syringe and manipulation of the plunger. Syringes were capped, inverted several times and laid in crushed ice prior to analysis. Hydrogen ion, Pc0 2 and P0 2 were determined using a Corning 178 pH Blood Gas Analyser within 6 min. Analyses were performed in the same order that blood was drawn, the order in which syringes were used was alternated, and care was taken not to inject air bubbles into the measuring chambers of the blood gas analyser. Syringes were then re-capped and returned to crushed ice for a further 15 min, mixed and then re-analysed in the same order as before.
To compare injection pressures of Corning, Sarstedt and unheparinised 2 mL Beckton Dickinson Plastipak™ syringes, also in use on the unit, 20 members of the lTV staff who norm- ally perform blood gas determinations were asked to inject saline with minimum force into the Luer port of a three-way tap. One arm was connected directly into the syringe port of the Corning 178 pH Blood Gas analyser, and the second arm was connected via saline filled Vygon Lectro-Cath™ tubing to a calibrated Bentley Trantec" model 800 pressure transducer. Pressures were displayed on a Kontron" 128A cardiovascular monitor, and peak pressures were recorded. 22 The effect of variable injection pressures over the range found using Corning and Sarstedt syringes on the measured Po] of saline was determined with and without an air bubble. Sterile saline (0,9% w/v) was allowed to equilibrate with air at room temperature. A 2 mL Beckton-Dickinson Plastipak syringe was filled with I· 5 mL of equilibrated saline and a Q. 5 mL air bubble introduced. Saline was then injected into The effect of injection pressure in the presence and absence of an air bubble on the measured P0 2 of equilibrated saline The effect of a range of injection pressures with and without an air bubble is summarised in Table  2 . Injection of equilibrated saline at high pressures in the presence of an air bubble produced an increase in mean P0 2 of 0·80 kPa compared to the mean value obtained using low injection pressures. The variability was also increased fivefold. In the absence of an air bubble high injection pressures produced an increase in mean P0 2 of 0·45 kPa and a twofold increase in variability.
Regression analysis of peak injection pressure against measured P0 2 revealed a significant positive correlation both with and without air bubbles (r = 0'50, P < 0·01 and r = 0-45, P < 0,01, respectively). mean for Corning syringes (95% confidence interval 0·15 to 0'71, P < 0,01). After 15min storage in crushed ice the mean difference im P0 2 had risen to 0·93 kPa (95% confidence interval 0·62 to 1'24, P < 0·001) (Table I and Fig. I ).
Comparison of injection pressures
In the hands of lTU staff there were significant differences in the mean peak injection pressures of the three types of syringe tested. The highest and widest range was found for the Sarstedt syringe (Fig. 2) . A typical injection pressure trace for each syringe is shown in Fig. 3 .
the Corning 178 blood gas analyser using the previously described system. Injection pressures ranging from less than 2·8 to 29·4 kPa were generated by the application of variable force to the plunger and the observed P0 2 was recorded on each occasion. Probability estimates 'Were derived using Students' r-test for paired and unpaired data, and confidence intervals were calculated as described by Gardner and Altman.' Hydrogen ion, Pe02 and Peo z values in arterial blood No significant differences were observed in mean hydrogen ion or Pc0 2 between syringes within 6 min of sampling or after storage for 15 min in crushed ice. The mean initial P0 2 value using Sarstedt syringes was 0·43 kPa higher than the DISCUSSION Comparison of Sarstedt and Corning blood gas syringes revealed higher arterial blood P0 2 values both within 6 min of sampling and after storage for 15 min in 20 patients' samples. Since no refer- .p < 0·01; "P < 0·001. ence sampling technique was used we are unable to comment on which syringe gave a more accurate value. However, the higher injection pressures of the Sarstedt syringe and the presence of small air bubbles lead us to investigate the combined effect of injection pressure and air bubbles on measured P0 2 •
The variability of observed injection pressured appeared to be related to syringe design. The plungers of syringes creating the lowest injection pressures presented even resistance throughout the travel along the syringe barrel. The plungers of syringes creating high injection pressures had high initial resistance to movement, which fell rapidly as soon as the plunger was in motion. This sudden fall in resistance, as the plunger became 'unstuck', resulted in rapid movement of the plunger which was difficult to control, and which produced a large pressure pulse as the sample was injected.
The consequence of trapped air bubbles on P0 2 determinations have been described by a number of authors.i" Even with the most careful sampling technique entry of air bubbles into the syringe is almost inevitable and the frequency of air contamination varies with different syringe designs."" Biswas et al? found that provided air bubbles were removed within 2 min of sampling, the effect on P0 2 measurement was insignificant, and that the increase in P0 2 was not related to the air bubble volume. Ishikawa et al? described an absence of effect on P0 2 of air bubbles which were less than 10% of the sample volume; in contrast Madiedo et al? stated that this level of air contamination increased P0 2 by some 11mmHg (1. 5 kPa). The variable effect of air bubbles on P0 2 values suggests that factors in addition to the volume of trapped air, temperature and duration of storage affect measured P0 2 • The present study illustrates the wide range of injection pressures found with three types of syringe. By using equilibrated saline in unheparinised syringes we hoped to avoid potential interferences from variations in syringe porosity to oxygen or heparin effects, and to monitor solely the effects of injection pressure and air bubbles on measured P0 2 • Using equilibrated saline, with and without air bubbles, the most reproducible P0 2 values were obtained at low injection pressures. At high injection pressures the greatest increase in P0 2 and variability was found in the presence of an air bubble. Although air bubbles and blood were subjected to increased pressures at the time of injection which would increase the P0 2 , electrode outputs were recorded at atmospheric pressure since the electrode measuring chamber was connected to the atmosphere via the efferent capillary. Nevertheless, the measuring chamber was effectively enclosed. Thus, when the sample returned to atmospheric pressure, the solution must either have become supersaturated with respect to dissolved oxygen, or oxygen came out of solution. Whichever occurred the effect appeared to be an increase in measured P0 2 • The injection of saline with no air bubble still produced significantly higher P0 2 values and greater variability, although to a smaller extent, indicating that the increase in P0 2 was not solely due to dissolution of oxygen at higher pressures. The Corning 178 blood gas analyser allows the sample to be injected directly into the oxygen measuring chamber, and it is possible that the transient increase in pressure has some influence on the electrode performance independent of contaminating air bubbles.
The differences between measured P0 2 in whole blood using syringe types were greater after 15 min storage. This may have been an effect of continued cooling of the sample in iced water thus increasing oxygen dissolution from trapped air bubbles, and the time taken for equilibration between air and blood. The greatest discrepancy between the two syringes both initially and after 15min was at high P0 2 values. This effect has been observed by other workers," and has been attributed to dissolved oxygen from air bubbles remaining in solution at high POz tensions rather than binding to haemoglobin which is near saturation."
Modern blood gas analysers seldom vary between P0 2 calibrations by more than 0·05 kPa,2 yet the variability due to the range of injection pressures found across three designs of syringe was seven to 10 times greater. We conclude that syringes used for blood P0 2 determination should not only minimise air contamination, but also have plungers that reduce injection pressure to a minimum.
